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Purpose: to describe the incidence and management of the intraoperative, perioperative and late complications of
endovascular aortic aneurysm repair.
Methods: endovascular aneurysm repair was attempted in 130 patients between October, 1995 and January, 2000.
Follow-up including computed tomography (CT) was performed in the immediate postoperative period and then at 3, 6,
9 and 12 months and biannually thereafter. The median follow-up period was 20 months.
Results: intra- and perioperative problems occurred in 26 patients (20%). Conversion to open surgery was required in
five cases (4%). The primary technical success rate was 86%. Three patients (2%) died within the first 30 postoperative
days. Late problems occurred in 28 patients (26%). These included: endoleaks (type I: 5%; type II: 10%; type III: 1%)
and limb occlusion (3%). The cumulative rate of freedom from secondary intervention was in the first 65 patients treated:
86% and 65% after 1 and 3 years, respectively, and in the last 65 patients: 90% at 1 year.
Conclusions: endovascular aneurysm repair is associated with a higher complication rate than open surgery.
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Introduction of aortic aneurysms as well as to consider their re-
spective management.
Endovascular repair of abdominal aortic aneurysm
has been demonstrated in several recent publica-
tions.1–6 This is associated with a number of novel
complications and its mid- and long-term prospects
Patients and Methodsremain unclear. These complications may be divided
into intraoperative, perioperative and late, with each
Endovascular repair was attempted in 130 consecutivegroup requiring its own respective management.
patients (117 males, 13 females; age 26–84 years, me-Intra- and perioperative problems include those re-
dian 68 years), with abdominal aorta in 112 (86%)lating to access, problems with deployment of the
patients with abdominal (AAA) and 18 (14%) patientsmain section of the prosthesis and/or the contralateral
with thoracic aorta (TAA) aneurysms. Thirteen patientslimb, as well as the occurrence of primary endoleaks.
(10%) presented emergently with contained (12) orLate problems consist mainly of stent dislocations, the
open (1) rupture.occurrence of secondary endoleaks and occlusions of
Selection criteria for AAA included neck lengththe prosthesis. The problems range in severity from
>10 cm, diameter <36 cm and angulation <110°. Kink-rare but serious (e.g. aneurysm rupture, multi-organ
ing or stenosis of the iliac vessels was not an exclusion.failure)7,8 to frequent but less severe (e.g. post-
Common iliac diameters up to 20 mm were treatedimplantation syndrome).9,10
with preoperative coiling of the internal iliac arteryThe objective of this retrospective study was to
and extension of the stenting into the external iliacanalyse all intraoperative, perioperative and late
artery.problems associated with the endovascular treatment
The median AAA diameter and TAA diameter was
6.5 (range 4.0–9.7 cm). In four cases, the aneurysm was
∗ Please address all correspondence to: F. Liewald, Abteilung fu¨r less than 4.5 cm. Treatment was recommended in thoseThorax- und Gefa¨ßchirurgie, Klinikum der Universita¨t Ulm, Stein-
ho¨velstr. 9, D-89075 Ulm. cases because of rapid expansion.
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Table 1. Types of prostheses used between October 1995 and
January 2000.
Prosthesis type Number
Vanguard 33
Talent 49
Gore Excluder 32
Corvita 13
Stenford 1
AneuRx 1
Baxter 1
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working as a unit.9,9,11 Fig. 1. Number of patients in follow up and treatment of com-
While from 1995 to 1997 our practice in most cases plications.
had been to puncture the femoral artery only on
In the case of type-II endoleaks, intra-arterial DSA wasthe side of the contralateral limb, we subsequently
performed to identify the feeder vessel. The leak wasconverted to routine surgical exposure of both inguinal
then catheterised using a 5-french cobra catheter, per-regions.
miting subsequent superselective advancement of aA total of seven different types of prostheses were
coaxial catheter (Rapid Transit, Cordis, Haan, Ger-used (Table 1).
many) in order to embolize the endoleak using metalIntra- and perioperative problems were divided into
coils.three groups:
The median follow-up period for all patients was
(I) Access problems; 20 months between October 1995 and December 2000.
(IIa) Deployment of the main section of the pros- Based on the date of treatment, patients were divided
thesis; into two different collectives, as follows:
(IIb) Anchoring the prosthesis limb;
Group A Patients 1–65;(III) Detection of primary endoleaks.
Group B Patients 66–130.
Endoleaks were considered primary if they occur-
Three-month follow up data could be collected fromred intra-operatively or if extravasation of contrast
108 patients. Eleven Patients died of reasons not relatedmedium was detected not later than the first follow-
to stent placement during the total follow up period.up examination (<10 days) Type I endoleaks were at
Three patients died within 30 days after the procedure,the proximal or distal anchoring site. Type II endoleaks
3 more patients died before the 3month follow up andwere via lumbar arteries or the inferior mesenteric
5 patients died during the rest of the follow up period.artery. Type III endoleaks occurred as a consequence
Sixteen patients were contacted by telephone but didof stent dislocations from the anchoring site or as a
not show up for any control examination. Follow upresult of material fatigue.10
results were obtained in 99, 87, 72 and 48 at 6, 12, 18,Late problems were defined as those requiring sec-
and 24 months postoperative (Fig. 1).ondary measures at least 30 days following the initial
Median follow-up for patients in group A was 27intervention.
months and 13 months for patients in group B.Post-procedural CT scans were done immediately
The intervention-free period was calculated ac-postoperatively and at 3, 6, 9, and 12 months (bi-
cording to Kaplan–Meier. Censored data consists ofannually thereafter). Angiography was not routinely
patients who died of reasons not related to stentperformed during the first postoperative week; during
placement within the follow up period (n=8).follow-up, angiograms were only obtained if the CT
was abnormal.
Management of persistent type-I endoleaks included
placement of an addition stent (cuff). If the distance Results
to the renal artery was too close to position a central
cuff the typ I endoleak was occluded by coil em- Intra- and postoperative complications
bolisation with filling up the endoleaks with metal coils
of 2–8 mm diameter (Boston Scientific, Germany).The A total of 31 intra- and perioperative problems oc-
curred in 26 patients (20%) (five patients had multiplemaximum amount of coils consisted of 31 metal coils.
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Table 2. Thirty-one intra- and perioperative problems in 26 patients and their management.
Groups of intra- and perioperative Etiology Management
problems
I: Access Kinking of the common iliac artery (n=3) Conversion to open surgery (n=1),
retroperitoneal shortening (n=2)
Stenosis (n=1) TEA (n=1)
Dissection (n=2) Interposed segment (n=1),
Cross-over (n=1)
Bleeding (n=3) surgical (n=2),
conservative (n=1)
Intra-aortic stenosis (n=1) Stent reinforcement (n=1)
IIa: Deployment of the main section Overstenting of the renal arteries (n=4) Conversion to open surgery (n=1), lasso trick
of the prosthesis (n=1), tugging with balloon (n=2)
Deployment too low (n=1) Central cuff
Custom prosthesis size too small (n=1) Conversion to open surgery
IIb: Anchoring the prosthesis limb Loss of leader wire (n=2) Conversion to open surgery (n=1), cross-over
(n=1)
Torsion of prosthesis with early occlusion Cross-over
(n=1)
Material defects (n=2) New prosthesis
III: Detection of primary endoleaks Proximal endoleak (n=3) Coiling (n=2)
Cuff (n=1)
Distal endoleak (n=6) Surgical shortening+stent (n=1), stent (n=5)
Material defect (n=1) Conversion to open surgery (n=1)
problems) (Table 2). Conversion to conventional open (n=6), various malignancies (n=2), pneumonia (n=
surgery was required in five cases (4%). The primary 1), and undetermined (n=2). Late complications con-
technical success rate, defined as complete exclusion sisted predominantly of endoleaks and limb oc-
of the aortic aneurysm together with restoration of clusions, some of them related to stent migration (see
normal blood flow, was achieved in 112 of 130 patients Table 3). Secondary type I endoleaks occurred in six
(86%). patients (5%).
Distal endoleaks were observed in patients receiving
Vanguard systems (n=4), while proximal endoleaks
were seen in association with Corvita prostheses
Morbidity/mortality (n=2). All type I endoleaks were successfully treated
using central and/or distal cuff extensions.
Three patients (2%) died within the first 30 post- Type II endoleaks were observed in 14 patients. In
operative days. Two of these patients suffered myo- one patients, spontaneous occlusion was documented
cardial infarctions, while one other patient with pre- after three months’ follow-up. In the remaining 13
existing dermatomyositis died of multiorgan failure patients, we attempted to embolize the endoleaks
secondary to sepsis. None of these patients had any using metal coils. In three of these patients, multiple
intra- or perioperative procedure related problems. attempts were necessary. Occlusion was successful in
The remaining systemic postoperative complications
eight of 13 patients. One patient deveolped a newwere terminal renal insufficiency (1×), cerebro-
onset of type II endoleak after primary successfulvascular accident (1×), perforated gastric ulcer (1×)
exclusion of an endolaek. In one patient a conversionand ischemia of sigmoid colon (1×). In case of the
to open therapy was performed because of increasingpatient with the ischemia of the sigmoid colon the
aneurysm surface area. Four patients with persistentinferior mesenteric artery and the left internal iliac
typII endoleaks were followed up by CT-control eachartery were closed.
6 months. One patient exhibited a type III endoleak
resulting from a dislocation of the limb segments
(mixed prosthesis type consisting of Talent main seg-
ment and Vanguard anchoring limbs). The placementLate problems and interventions
of an additional stent (Vanguard) resulted in successful
occlusion of the leak.Follow-up examinations were obtained in 108 cases.
Stent migrations (Vanguard) led to type I endoleaksEleven patients died during the total follow-up period.
Causes of death included myocardial infarction (see above) in four patients and to limb occlusions in
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Table 3. Twenty-eight late complications in 28 patients and their management.
Etiology Management Result
Endoleaks Type I (n=6; 5%) Cuffs Positive n=6
(4× due to graft-migration)
Type II1 (n=14; 11%) Coil embolisation Positive n=8
Persistent n=4
Spontaneous closure Positive n=1
Conversion Positive n=1
Type III (n=1; 1%) Stent Positive n=1
Occlusion Prothesis related (n=3; 2%) Cross-over-bypass, thrombectomy, Positive n=3
(2× due to graft-migration) additional stent placement
Embolic (n=1) Thrombectomy Positive n=1
Other2 Compartment syndrome, Surgical Positive n=3
Inguinal infect
(n=3; 2%)
1 Persistent Type II-endoleaks: one patient was converted to open surgery, four patients are under close CT-control each 6 months.
2 All 3 patients with prosthesis related occlusion developed a compartment syndrome, which was treated surgically (see above).
two cases (Gore Excluder, Talent) (see below). These
effects of stent migration responded to thrombectomy
(n=1) or cross-over bypass (n=1) in the case of oc-
clusions and to the placement of cuffs (n=4) in the
case of leaks.
Occlusions of the prosthesis were observed in four
patients. Causative were stent migrations (n=2), in-
adequate space for deployment due to intraaortic
stenosis (error of indication, n=1) and embolism ori-
ginating from the heart (n=1). Management included
thrombectomy (n=2), cross-over bypass (n=2) and
additional stent reinforcement (n=1). Multiple meas-
ures are included.
During a median follow up period of 20 months,
28 of 108 patients required interventional or surgical
revision. Intervention-free recovery was experienced
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by 74% of patients. Dividing patients into those who Fig. 2. Group A: Number of patients in follow up without com-
plications and management of occurring complications. Group B:received the first 65 procedures (first-generation/
Number of patients in follow up without complications and man-Group A) and those who had the last 65 procedures
agement of occurring complications.
(second-generation/Group B) revealed cumulative
rates of freedom from secondary intervention in Group
the abdominal aorta, but none in the group withA of 86% and 65% after 1 and 3 years, respectively,
aneurysms of the thoracic aorta.and in group B of 90% at 1 year (Fig. 2). When
More significant were intra- and perioperative prob-secondary measures (the total of all surgical and inter-
lems as well as problems occurring during patients’ventional measures during the perioperative and late
later follow-up, occurring in 20% and 26% of cases,phase) are included, exclusion of aortic aneurysms
respectively. Intra- and post-operative problems werewas successful in 93% of patients treated.
divided into three groups. Group I included problems
of access and related predominantly to kinking or
arteriosclerotic stenoses of the iliac vessels. Thera-
peutic management of such access problems consistsDiscussion
primarily of PTA dilation of the stenotic segment. As
a next step, we recommend retroperitoneal exposureNumerous studies have established that the early mor-
tality associated with endovascular treatment of AAA of the iliac vessels with thrombendarterectomy or
interposition of a prosthesis. If extensive kinkinglies between 0 and 6.6%,6,12–19 which is comparable
with open repair.20,21 Thirty-day mortality in our group makes application difficult, digital stretching or sur-
gical shortening via a retroperitoneal approach maywas 2%, including three patients with aneurysms of
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be helpful. In cases with extensive kinking of the iliac A type III endoleak resulting from disconnection of
the segments of the prosthesis only occurred in onevessels use of the Gore Excluder may be advantageous
case. Because of material defects during the primarysince it is more flexible.
operation, we implanted a mixed endograft consistingPerioperative bleeding in three patients resulted
of a Talent main segment and Vanguard contralateralfrom transcutaneous puncture of the femoral artery at
limb. This procedure was performed on an emergentthe contralateral site. We now recommend a surgical
basis following diagnosis of the aneurysm to preventcut down on both sides. In one case the aortic diameter
a threatened rupture.below a sacular abdominal aneurysm was too small
Instability of the prosthesis leading to stenoses and/for a full extension of both limbs of the implanted
or occlusions of the stent have been reported in up toprosthesis which lead to recurrent occlusion of one
20% of cases.21 In two of our patients, stent migrationlimb. Reinforcement of one limb might solve this
led to occlusion of the prosthesis. Future modificationsproblem in future.
in stent graft design would profit from reinforcementThe most common error associated with deployment
which would help preclude the effects of externalof the main segment of the prosthesis in group IIa
compression or a kinking of the limbs of the prosthesis.was the stenosis or overstenting of the renal artery
The somewhat lower rate of intervention in patientsostium, a complication whose rate is given in the
with second-generation prosthesis (Group B) may beliterature as 2–2.5%.6,16,19 Overstenting of both renal
due to the greater experience in stent placement asarteries requires conversion. Where there is only uni-
well as to a different stent design, but the period oflateral overstenting or stenosis, one may attempt to
observation was much shorter in this group of patientswithdraw the prosthesis.
and only long-term results can confirm whether thisComplications in group IIb patients (associated with
difference is real.placement of the contralateral limb) were difficulties
In summary, after 3 years only 65% of patients stillreplacing a leading-wire, which had accidentally been
experienced a post-operative clinical course free ofremoved. The other complication was torsion of the
interventions – comparable to the results of the Euro-contralateral limb within the aneurysm sac.
star multicentre study.13 Including secondary meas-Group III includes patients with primary endoleak
ures, exclusion of aortic aneurysms was successful indiagnosed either intra-operatively or at the first post-
93% of cases treated.operative follow-up examination. Should repeated bal-
loon dilatation prove unsuccessful, it may be possible
to seal the endoleak by placing an additional stent. If
diagnosis is made at first follow-up, management may References
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